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ense.Abstract MR imaging ﬁndings of West Nile virus meningoencephalitis during pregnancy are
unknown. We report the ﬁrst case of serologically proved West Nile virus meningoencephalitis com-
plicating pregnancy with MRI ﬁndings. MR imaging of the brain revealed abnormal hyperintensity
in the periventricular white matter near the left frontal horn and insular left lobe on ﬂuid-attenuated
inversion recovery and T2-weighted images. Evolution was favorable, and no obvious fetal conse-
quences of infection were noted after birth. Recognition of the MR imaging appearance of this
entity is important because of the expanding epidemic.
 2011 Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier B.V.
Open access under CC BY-NC-ND license.1. Introduction
West Nile virus (WNV) is an important public health problem
in several countries. It is the most widespread arbovirus in the
world (1). WNV is maintained in nature in a cycle between6 74246906.
il.com (M. Koubaˆa).
of Radiology and Nuclear
sevier B.V.
tian Society of Radiology and
lsevierbirds and mosquitoes (2). In Tunisia, two peaks of epidemic
meningitis and meningoencephalitis due to WNV were
reported: one in 1997 and the other in 2003 (3).
MR imaging suggests abnormalities in the brain and menin-
ges of WNV-infected patients presenting with Cerebral
Nervous System (CNS) disease (4–6). However, most of these
studies were performed retrospectively. Thus, the results do
not provide predictive capabilities to WNV infection (2).2. Case report
A healthy 29-year-old (gravida 2, para 1) woman from the
south of Tunisia presented to the Infectious Diseases Depart-
ment at 38 weeks gestation with a 7-day history of fever, head-
ache and dysarthria. The patient was febrile to 38.5 C
(101.3F). No nuchal rigidity or focal neurologic signs were
revealed. Cerebrospinal ﬂuid (CSF) showed 80 nucleated cells
212 M. Koubaˆa et al.predominantly of lymphocytes (95%). The CSF protein and
glucose concentrations were 68 and 50 mg/dL, respectively,
and Gram’s stain showed no bacteria. Serum glucose was
101 mg/dL at the time of the lumbar puncture. Brain magnetic
resonance imaging (MRI) revealed abnormal hyperintensity in
the periventricular white matter near the left frontal horn and
insular left lobe on ﬂuid-attenuated inversion recovery
(FLAIR) and T2-weighted images (Fig. 1). A discrete hypoin-
tensity was noted on T1-weighted images. Diffusion-weighted
(DW) imaging was normal. Antibiotic therapy was begun
using ampicillin 2 g i.v. every 4 h, cefotaxime 3 g i.v. every
4 h and acyclovir 750 mg i.v. every 8 h. The antiviral treatment
was discontinued when CSF herpes simplex virus polymerase
chain reaction returned negative. Her fever resolved, and she
noted improvement in her symptoms within 5 days of admis-
sion. Tests for common bacterial, mycobacterial, viral and fun-
gal causes of meningitis were negative. Ultrasonography andFigure 1 Images at the time of admission, in the case of a 29-year
meningoencephalitis. (A) Axial ﬂuid-attenuated inversion recovery MR
the left frontal horn. (B) Axial ﬂuid-attenuated inversion recovery M
spin-echo T2-weighted MR image shows hyperintensity in periventricu
T1-weighted MR image shows a discrete hypointensity in periventricufetal heart rate monitoring were normal. Serologic testing sub-
sequently secured the diagnosis of WNV with the detection of
IgM and G antibodies in the serum and CSF. Antibiotics were
discontinued when recent WNV infection was conﬁrmed. Sup-
portive measures were instituted for her symptoms. After
2 weeks, she vaginally delivered a newborn in good health con-
ditions. Follow-up MRI 3 months later showed persistence of
the T2 hyperintense regions seen previously and noted a new
lesion at the right semi-oval center on FLAIR sequences
(Fig. 2). There was no enhancement after intravenous contrast
administration. After 6 months of follow-up, the patient and
newborn were in good health.
3. Discussion
Many WNV infections are asymptomatic. Symptoms may
develop in 20–40% (7). Less than 1% of infected individuals-old pregnant woman with serologically proved West Nile virus
image reveals hyperintensity in periventricular white matter near
R image reveals hyperintensity in insular left lobe. (C) Axial fast
lar white matter near the left frontal horn. (D) Axial fast spin-echo
lar white matter near the left frontal horn.
Figure 2 Axial ﬂuid-attenuated inversion recovery MR image
taken 3 months following infection. The hyperintense signal noted
previously is stable. But, we observed hyperintensity in the right
semioval center (arrow).
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into three clinical syndromes: West Nile meningitis, West Nile
encephalitis, and acute ﬂaccid paralysis (8).
Serological testing of serum and CSF remains the gold stan-
dard for the diagnosis of human WNV infection (9,10). Typi-
cal CSF ﬁndings in WNV neuroinvasive disease include
pleocytosis (polymorphonuclear or lymphocytic predomi-
nance), with elevated protein but normal glucose levels (11).
There is a report of 3 women who had WNV encephalitis
during pregnancy (12–14). MRI of the brain revealed non spe-
ciﬁc inﬂammatory changes. Our patient is the ﬁrst reported
case of a pregnant woman with MRI ﬁndings.
MRI is preferred over computed tomography for detecting
the brain involvement in viral encephalitis as it has superior
contrast resolution. The incidence of acute MRI abnormalities
in WNV neuroinvasive infection was extremely variable
(4,6,15). In a recent series of 39 consecutive cases including
meningitis and meningoencephalitis with WNV, MRI was
unremarkable in all except one patient (4). However, in two
more recent series (5,6), around 70% of WNV-infected pa-
tients with CNS diseases had abnormal MRI ﬁndings. In the
ﬁrst study, (5) 24% (4/17) had abnormalities only on DW
imaging involving the corona radiata and internal capsule,
18% (3/17) had abnormal signal intensity on FLAIR or T2-
weighted sequences (in the cortical gray and white matter, cer-
ebellum, basal ganglia, thalamus, internal capsule, pons and
midbrain), 12% (2/17) had meningeal enhancement, and
18% (3/17) had abnormalities involving the spinal cord, cauda
equina or nerve roots (10). So, lesions are typically hyperin-
tense on T2-weighted and FLAIR sequences and normal inten-
sity and nonenhancing on T1-weighted images (5,16).Restricted water diffusion may be seen on DW images in up
to 50% of patients and can assist in the conﬁrmation of subtle
abnormalities seen on T2 or FLAIR sequences (6). Periventric-
ular hyperintensities were also reported in 6–14% of cases
(5,6,16). Patients with normal MRI or only DW-images abnor-
malities had the best prognosis, whereas those with T2 and
FLAIR abnormalities had worse outcomes (10).
Although anterior horns of spinal cord are the major site
affected in WNV infection, inﬂammatory changes may also in-
volve spinal sympathetic neurons and ganglia, explaining the
autonomic instability seen in some patients (17,18).
A WNV MRI registry was established by the CDC in the
hope that, as imaging data are accumulated and consolidated,
a more comprehensive picture of the imaging characteristics of
WNV infection will emerge (10,15).
The teratogenic potential of WNV remains unknown and
requires further study. Guidelines were published for evaluat-
ing pregnant women with WNV infection (19). Those patients
should undergo regular prenatal checkups including ultra-
sound examinations to assess fetal development.
At present, there is no speciﬁc therapy for WNV infection
and current treatment remains largely supportive (10,20).4. Conclusion
In this case of serologically proved WNV meningoencephalitis
during pregnancy, hyperintensities were observed in the peri-
ventricular white matter near the left frontal horn and insular
left lobe on FLAIR sequences and T2-weighted images. The
recognition of MRI features of WNV infection will aid in
the diagnosis of a disease that often presents with a protean
clinical pictureConﬂict of interest statement
No conﬂict of interest.References
(1) Kramer LD, Styer LM, Ebel GD. A global perspective on the
epidemiology of West Nile virus. Annu Rev Entomol 2008;
53:61–81.
(2) Rossi SL, Ross TM, Evans JD. West Nile virus. Clin Lab Med
2010;30(1):47–65.
(3) Bahri O, Dhifallah I, Alaya-Bouaﬁf NB, Fekih H, Gargouri J,
Triki H. Sero-epidemiological study of West Nile virus circulation
in human in Tunisia. Bull Soc Pathol Exot 2010(13).
(4) Brilla R, Block M, Geremia G, Wichter M. Clinical and
neuroradiologic features of 39 consecutive cases of West Nile
virus meningoencephalitis. J Neurol Sci 2004;220(1–2):37–40.
(5) Petropoulou KA, Gordon SM, Prayson RA, Ruggierri PM. West
Nile virus meningoencephalitis: MR imaging ﬁndings. AJNR Am
J Neuroradiol 2005;26(8):1986–95.
(6) Ali M, Safriel Y, Sohi J, Llave A, Weathers S. West Nile virus
infection: MR imaging ﬁndings in the nervous system. AJNR Am
J Neuroradiol 2005;26(2):289–97.
(7) Mostashari F, Bunning ML, Kitsutani PT, Singer DA, Nash D,
Cooper MJ, et al. Epidemic West Nile encephalitis, New York,
1999: results of a household-based seroepidemiological survey.
Lancet 2001;358(9278):261–4.
(8) Kramer LD, Li J, Shi PY. West Nile virus. Lancet Neurol
2007;6(2):171–81.
214 M. Koubaˆa et al.(9) Roehrig JT, Nash D, Maldin B, Labowitz A, Martin DA,
Lanciotti RS, et al. Persistence of virus-reactive serum
immunoglobulin m antibody in conﬁrmed West Nile virus
encephalitis cases. Emerg Infect Dis 2003;9(3):376–9.
(10) Debiasi RL, Tyler KL. West Nile virus meningoencephalitis. Nat
Clin Pract Neurol 2006;2(5):264–75.
(11) Tyler KL, Pape J, Goody RJ, Corkill M, Kleinschmidt-DeMas-
ters BK. CSF ﬁndings in 250 patients with serologically conﬁrmed
West Nile virus meningitis and encephalitis. Neurology
2006;66(3):361–5.
(12) Chapa JB, Ahn JT, DiGiovanni LM, Ismail MA. West Nile virus
encephalitis during pregnancy. Obstet Gynecol 2003;
102(2):229–31.
(13) Skupski DW, Eglinton GS, Fine AD, Hayes EB, O’Leary DR.
West Nile virus during pregnancy: a case study of early second
trimester maternal infection. Fetal Diagn Ther 2006;21(3):293–5.
(14) Alpert SG, Fergerson J, Noel LP. Intrauterine West Nile virus:
ocular and systemic ﬁndings. Am J Ophthalmol 2003;
136(4):733–5.(15) Robertson HJ, Sejvar JJ. The need for a West Nile virus MRI
registry. AJNR Am J Neuroradiol 2003;24(9):1741–2.
(16) Jeha LE, Sila CA, Lederman RJ, Prayson RA, Isada CM,
Gordon SM. West Nile virus infection: a new acute paralytic
illness. Neurology 2003;61(1):55–9.
(17) Sejvar JJ, Bode AV, Marﬁn AA, Campbell GL, Pape J,
Biggerstaff BJ, et al. West Nile virus-associated ﬂaccid paralysis
outcome. Emerg Infect Dis 2006;12(3):514–6.
(18) Leis AA, Stokic DS. Neuromuscular manifestations of human
West Nile virus infection. Curr Treat Options Neurol
2005;7(1):15–22.
(19) Centers for Disease Control and Prevention. Interim guidelines
for the evaluation of infants born to mothers infected with West
Nile virus during pregnancy. MMWR Morb Mortal Wkly Rep
2004;53(7):154–7.
(20) Hayes EB, Sejvar JJ, Zaki SR, Lanciotti RS, Bode AV, Campbell
GL. Virology, pathology, and clinical manifestations of West Nile
virus disease. Emerg Infect Dis 2005;11(8):1174–9.
